Thyroid cancer is a very common endocrine malignancy, with a rate of total thyroidectomy reported to be up to 27.8%. However, studies analyzing the risk factors that contribute to recurrence of papillary thyroid carcinoma (PTC) after total thyroidectomy in China are still scarce.
Background
Thyroid cancer is a very common endocrine malignancy and has been reported to account for approximately 0.5% of all cancer-related deaths [1, 2] . Papillary thyroid carcinoma (PTC) is usually associated with a benign outcome, with mortality rates of 2% and 7%, respectively, reported in 2 long-term survival studies [3, 4] . Nevertheless, several studies have reported that the recurrence rate is approximately 7-23% after the initial operation [5, 6] . Additionally, various risk factors, such as sex, tumor size, age, incomplete resection, local invasion, and metastasis, are reported to be associated with PTC recurrence [7] [8] [9] .
As a surgical method, total thyroidectomy is not commonly used in many Chinese hospitals. However, the rates of total thyroidectomy in all surgical methods are reported to range from 2.5% to 27.8% [7, 10] . Additionally, several studies have shown that total thyroidectomy may be an appropriate therapy for PTC, especially for PTC with a tumor size larger than 1 cm [11] [12] [13] . At present, studies analyzing the risk factors that contribute to recurrence of PTC after total thyroidectomy in China are still scarce. In this study we retrospectively analyzed 536 patients with and without PTC recurrence from January 2005 to February 2010 to explore the risk factors contributing to PTC recurrence in patients who previously underwent total thyroidectomy, which may be an important and useful tool for scheduling follow-up for patients with a curative PTC operation.
Material and Methods

Patients
Patients who underwent total thyroidectomy and central lymph node resection (level VI) with an initial operation in the Liaocheng People's Hospital who were followed up for at least 5 years were included and retrospectively evaluated in this study. The inclusion criteria were: adults older than 18 years of age, standard total thyroidectomy, histopathologic diagnosis of PTC based on the World Health Organization (WHO) criteria, and patients who underwent radioactive iodine therapy after the operation. Exclusion criteria were: patients with PTC, who underwent previous thyroid or parathyroid surgery, had a history of neck surgery or radiation, had a history of distant metastasis at the first diagnosis, and had not undergone complete resection.
Methods
A total of 536 patients who met the inclusion criteria and were diagnosed from January 2005 to February 2010 were followed up until February 2015. Fine-needle aspiration cytology (FNAC) was used for diagnosis of PTC and preoperative evaluations. The follow-up intervals were every 3 months in the first 3 years after surgery, every 6 months in the next 2 years, and then every year until October 2014. In each follow-up visit, to monitor tumor recurrence, all patients were offered a thyroid function test, specifically including a measurement of the serum thyroglobulin, and ultrasonography of the neck to detect and localize the tumor recurrence. In addition to these approaches, PET-CT scan was also used at intervals of 1 year or when suspected recurrence was diagnosed. The observed lesions suspected of tumor recurrence were confirmed using FNAC.
For each patient, the following clinical characteristics were recorded and studied: sex, age, primary tumor size, differentiation of the primary tumor, extra-thyroidal infiltration, lymph node metastasis, bilaterality, and multifocality. The 5-and 10-year disease-specific survival (DSS) rates were also calculated. All patients were divided into 2 groups: patients with tumor recurrence were included in group 1 and patients with no tumor recurrence were included in group 2.
Approval for the study was obtained from the Medical Ethics Committee of Liaocheng People's Hospital. All procedures were carried out in accordance with the approved guidelines.
The Pearson's chi-square test or t test was used to perform the univariate analysis. Additionally, statistically significant results by univariate analysis were then evaluated with logistic regression analysis. The Kaplan-Meier method was used for survival analysis and p<0.05 was considered statistically significant in all the tests, using statistical software R version 2.10.
Results
A total of 536 patients who underwent complete thyroidectomy were included in the study, with follow-up periods ranging from 5 to 10 years; there were 80 men and 456 women, with a mean age of 52.5 years at time of the initial operation. The mean size of the primary tumor was 1.9 cm. In 536 patients, 505 (94.2%) primary tumors were classified as well differentiated and 31 (5.8%) were classified as poorly differentiated; 120 patients (22.4%) had tumor extra-thyroidal infiltration, and 55 patients (10.3%) had a locally advanced tumor with adjacent organs invasion. All 536 patients were classified in 2 groups; group 1 included 65 patients (12.1%) who developed PTC recurrence and group 2 included 471 patients (87.9%) without recurrence. The comparisons of the clinical characteristics between the 2 groups are shown in Table 1 .
Univariate analysis indicated that the sex, age, primary tumor size, differentiation of the primary tumor, lymph node metastasis, bilaterality, and multifocality were all significant variables (P<0.05). Additionally, male sex, age greater than 50 years, tumor larger than 1 cm, poor differentiation, lymph node metastasis, bilaterality, and multifocality may be related to PTC recurrence.
The results of the logistic regression indicated that male sex, age greater than 50 years, primary tumor larger than 1 cm, poor dedifferentiation of the primary tumor, lymph node metastasis, and multifocality are be independent factors for PTC recurrence ( Table 2 ). The 5-year DSS in patients without recurrence and patients with recurrence were 96.8% and 90.8%, respectively, and the 10-year DSS in patients without recurrence and patients with recurrence were 86.2% and 72.3%, respectively ( Figure 1 ). 
Discussion
The prognosis of most patients with PTC was good with a 10-year DSS more than 90%, and the patients with a curative operation had a better prognosis. Additionally, there were benign prognoses in all the patients with PTC [14] [15] [16] . The present study showed a DSS of 86.2% in patients without recurrence and 72.3% in patients with recurrence. Recurrence has been reported to occur in approximately 7-23% of patients with PTC. The recurrence rate in the present study was 12.1% (65/536), which is similar to the results of previous studies [7, [17] [18] [19] . It has been reported that up to 90% of the recurrences are local; of these, 75% metastasize to cervical lymph nodes and the other 25% recur in the remaining thyroid tissue [20] [21] [22] [23] [24] . We found that 83.3% of all recurrences (40/48) were metastasis to the cervical lymph nodes, 12.5% of the recurrences (6/48) were in the remaining thyroid tissue, and 4.2% of the recurrences (2/48) were distant metastases. The ratio of metastasis to the cervical lymph nodes was higher than in studies reporting rates of 71-78% [25] [26] [27] .
Previous studies on the risk factors of thyroid cancer recurrence in other counties have had a variety of results. Senong et al. conducted a study in Korea and found that tumor size ³1.5 cm, extra-thyroidal spread, and lymph node metastasis were risk factors for recurrence [28] . Ito et al. in Japan showed that the older age, male sex, and invasion to perithyroidal tissue are related to recurrence [19] . Lang et al. found that male sex, stages III-IV (AJCC TNM), extra-thyroidal extension, and primary treatment with total thyroidectomy are the predictive factors for multiple recurrence of the disease [20] . Kim et al. argued that tumor size ³2 cm, multifocality, lymph node metastasis, stages III-IV (AJCC TNM), and MACIS score ³6 are risk factors for PTC recurrence [29, 30] . In the present study, in addition to risk factors like male sex, older age, large primary tumor, lymph node metastasis, extra-thyroidal infiltration extension, and multifocality mentioned above, dedifferentiation of the tumor and bilaterality contributed to PTC recurrence. Furthermore, logistic regression analysis also showed that age ³50 years, male sex, tumor size ³1 cm, poor differentiation of the primary tumor, lymph node metastasis, and multifocality were independent risk factors for PTC recurrence.
Age has been considered as one of the most important risk factors in PTC [19, 20, 31] . The UICC TNM classification system sets a cut-off age of 45 years [31] . However, using a cut-off age of 45 years, there is no statistically significant difference for the ages between patients with and without recurrence in our study and in a study by Karatzas et al. [13] . Additionally, using a cut-off age of 50 years, there were statistically significant differences in our study and the study by Tanaka et al. [17] . Some studies have argued that age may be a confounding factor because patients older than 50 years of age with PTC recurrence are also found to be at stages III-IV, which may be associated with a worse prognosis and recurrence [32, 33] . However, the multivariate analysis results of our study and the study by Tanaka et al. showed that age is an independent factor for PTC recurrence [17] .
It has been reported that approximately 30% of PTC cases involve multifocal tumors [34, 35] . Additionally, there is a higher Table 2 . Multivariate analysis of risk factors of PTC recurrence. [30, 36, 37] . Hay et al. revealed that 11% of multifocal tumors recur, while only 4% of unifocal tumors recur, and the authors concluded that multimodality increases the risk of recurrence [11] . We found that the multimodality of tumors is an independent risk factor for recurrence (OR=2.611, 95%CI: 1.057, 7.360). Therefore, if a multifocal tumor is found at diagnosis, it is necessary to perform strictly aggressive surgery, as well as frequent monitoring after the operation.
Several studies have shown that lymph node metastasis is observed in approximately 7.1-79.0% of patients with PTC [7, 21, 23, 38] , and there can be cervical lymph node metastases in up to 80% of patients [13, 39, 40] . This study indicated that the proportion of lymph node metastasis detected was 64.8%, which is similar to the previous results on PTC after curative resection. Additionally, the results of this study showed that lymph node metastasis adversely influences PTC recurrence. It is widely accepted that lymph node metastasis may result in PTC recurrence, but it remains unclear whether lymph node metastasis adversely influences survival. Some studies have concluded that lymph node metastases are associated with a higher recurrence without resulting in shorter survival [30, 41] ; while other studies have shown that lymph node metastases adversely influence both recurrence and survival [18, 42, 43] . Worse disease-free and overall survival in cases with lymph node metastasis have been observed in other studies [31, 44] .
Many studies have suggested that total thyroidectomy could be an appropriate therapy for PTC when the tumor size is greater than 1 cm [11] [12] [13] 45] . Bilimoria et al. argued that total thyroidectomy may lead to lower recurrence rates and longer survival for PTC when the tumor size is less than 1 cm [14] . Karatzas recommend considering bilateral central compartment dissection or lateral modified radical neck dissection for cases with lymph node metastasis [13] . Approximately 28.7% of PTC cases with a tumor size <1 cm underwent total thyroidectomy in this study because we thought the other risk factors listed in Table 1 should be considered.
Tumor size, male sex, and poor dedifferentiation of the tumor have been widely accepted as risk factors related to recurrence, based on previous studies [7, 17, 19] . Kim et al. conducted a study on a borderline size of 2 cm and found that patients with a tumor size great than 2 cm had a higher chance of multiple recurrences [30] . The results from the univariate analysis and logistic regression in this study demonstrate that the tumor size and male sex are independent risk factors for PTC recurrence. In addition, Karatzas et al. found that poor dedifferentiation of the primary tumor is a predictive factor of PTC recurrence, using multivariate analysis [13] .
A limitation of this stud is that, although a large number of patients (536 cases) were included, relatively few patients experienced recurrence (65 cases). Therefore, a study in a larger population with PTC may be needed to further explore the risk factors associated with PTC recurrence.
Conclusions
The results of this study confirm that male sex, age greater than 50 years, primary tumor larger than 1 cm, poor dedifferentiation of the primary tumor, and lymph node metastasis may increase the risk of PTC recurrence for patients who have undergone total thyroidectomy. Furthermore, it is necessary to use aggressive and extensive surgery, as well as close monitoring after the operation, for patients with these risk factors.
